Abstract-Adobe Portable Document Format is de facto standard today due to its widespread use. One of the features of Adobe pdf is that it allows exporting documents as images that may be saved in JPEG, PNG, and TIFF formats. This paper uses an OCR platform to quantitatively assess the quality of these image file formats.
The technical literature reports nothing about the features of the image files generated from pdf. Table 01 shows the resolution of the image files obtained from pdf. This paper assesses the quality of the images bmp, jpg, tiff, and png generated from Adobe Acrobat 6.0 Professional in two different ways. The first of them is via OCR. The image files are transcribed by using the ABBYY FineReader [18] and compared with the original text. The second quantitative evaluation of the quality of the image generated is by calculating the PSNR (peak signal-to-noise ratio) between each image file and its bmp version, which was generated using the ABBYY FineReader and had its resolution decreased to be compatible with the one generated by the Adobe pdf. This way one has an account of the quality of the images generated.
File Format
Resolution JPEG 1190x1683 PNG 1190x1683 TIFF 1190x1683 The JPEG without loss algorithm (a) uses a predictive followed by statistical encoding of the image. The versions of JPEG with losses (b, c and d) make use of the Discrete Cosine Transform in blocks of 8x8 pixels, followed either by Huffman or Arithmetic encoding of coefficients [5] [6] . Progressive JPEG encoding makes use of a buffer in the output of the DCT encoder to "reorganize" coefficients before storage. Different "chunks" of coefficients are sent at each encoding step or scan. The user may set the number of scans required. References [4] [8] [13] bring details of JPEG different features.
C. PNG
The Portable Network Graphics format was developed in 1995 in alternative to GIF [11] , to avoid UNISYS patent on LZW compression algorithm. PNG file format was meant to be simple, portable, easily extensible, open code and free. PNG is better than GIF for allowing up to 48 bits for color representation (GIF allows only 8 bits for color information). PNG compression algorithm is based on the Deflate, created by Phil Katz, which is based on LZ77 with a sliding window and ordered hash table [5] [6] . Reference [19] points out that, amongst the lossless algorithms studied, PNG presented the best performance for all kinds of images and resolutions analyzed.
D. TIFF
The Tagged Image File Format (TIFF) [3] [17] is a file format for storing images, including photographs and line art. It is now under the control of Adobe. Originally created by the company Aldus for use with what was then called "desktop publishing", the TIFF format is widely supported by image-manipulation applications, by publishing and page layout applications, by scanning, faxing, word processing, optical character recognition and other applications. Adobe Systems, which acquired Aldus, now holds the copyright to the TIFF specification. TIFF has not had a major update since 1992, though several Aldus/Adobe technical notes have been published with minor extensions to the format, and several specifications, including TIFF/EP, have been based on the TIFF 6.0 specification.
III.
TEST As may be observed in Figure 01 , the page includes graphical elements. Experiments performed showed that Adobe pdf was able to export embedded jpeg files directly without further image degradation. That means that somehow the original file was exported. The same phenomenon was not observed whenever neither the original file was not jpeg, nor when the target file format was not jpeg.
Two methods were used to measure the quality of the images:
1. Analysis by PSNR, for this we used the full area of the image, i.e. non-textual elements were incorporated into the analysis (see red blocks into Figure 1 ).
Analysis by Automatic Transcription (OCR) -
During the OCR images only areas consist of text have been transcribed by the tool ABBYY FineReader 9.0, the areas belonging to non-textual elements were discarded manually (by interface tool). Table 3 . PSNR of image exportation from pdf.
In order to compare the quality of the images generated by Adobe pdf an intermediate bmp image was generated using the ABBY FineReader, which may take as input a pdf file and generate an uncompressed bmp file of resolution 2,479x3,508 pixels. MATLAB was used to decrease the resolution of the BMP files in order to make them compatible with the resolution of the images generated by pdf to allow for the PSNR to be calculated. As the PSNR obtained between the tiff and png images and the bmp was exactly the same, the PSNR was re-calculated between TIFF and PNG images and curiously the two image formats yield exactly the same images. The results obtained for the 3,140 images analyzed are shown in Table 03 . In general, from the PSNR perspective, one may say that the images generated from Adobe pdf are of very high quality and quite close to the BMP image generated by the ABBY FineReader. Assessing image quality in general is extremely difficult. In the case of the experiments whose results are presented in Tables 02 and 03 the inputs for comparison are two images, thus there are chances of performing a fair assessment. How to assess the quality of an image generated as a raster from a "text" file? Analyzing the quality of the transcription of such image in comparison with the text of the original file may provide a clue about the quality of the text-toimage conversion. That is the approach followed in this paper. However, on its turn, analyzing the results of OCRs is far from being a trivial task. The methodology presented in reference [20] which takes into account the nature of the errors in transcription was adopted here. Only character errors were analyzed. The character errors are classified according to: 1. Character replacement; 2. Missing characters; 3. Character insertion; 4. Punctuation errors.
File
The results obtained for the 2,140 test images are shown in Table 05 . If one divides the image resolution of the images generated by Adobe pdf by the size of the document page one finds a resolution close to 150 dpi, while in the case of the BMP image generated by the ABBY FineReader the resolution reaches the 300 dpi. The data in 
IV. CONCLUSIONS
This paper provides evidences that the generation of JPEG, PNG and TIFF, image files from Adobe pdf files using Adobe Acrobat Professional 6.0 yields very good quality images. The TIFF and PNG images seem to be equal, modulo changes in their headings. JPG as a file format with losses performed very well in general, but slightly worse than PNG and TIFF. The intuition that would make one believe that the higher the PSNR of an image, the better the transcription obtained, was proved correct herein.
